osmotic shock to extract periplasmic protein fraction, or C) the supernatant was filtered, and 1 8 6 protein was precipitated by addition of TCA. All protein fractions were prepared for SDS-PAGE 1 8 7
and analyzed by western blot with an anti-His-antibody. Treatment of transformed log-phase E. coli cultures with IPTG caused accumulation of the
known beta-glucosidase DesR [17, 18] which we isolated by affinity purification and detected by immunoblotting with an anti-6XHIS antibody ( Fig 5A) . Our putative microbial β -glucosidase 1 9 2 fusion protein also accumulated and was affinity purified (Fig 5B) . Consistent with published substrate in vitro at pH 7 ( Fig 5C) . By contrast, our β -glucosidase failed to cleave p-NPG over a broad pH range (Fig 5D) . Moreover, expression of the putative β -glucosidase in E. coli did not enable growth on cellobiose as a sole carbon source. Taken together, these findings indicate that 1 9 7
our putative β -glucosidase does not function in conventional β -glucosidase assays. We successfully purified our putative endo-1,4-β-xylanase using the protein production and 2 0 4 isolation protocol described above (Fig 6A) . Enzyme activity was assessed using 6-chloro-4- was catalyzed most efficiently at pH 7 ( Fig 6B) . The DesR β -glucosidase served as a negative
control in these assays and did not cleave the CMU-X 2 substrate ( Figure S3 ).
To investigate the thermostability of the putative endo-1,4-β-xylanase, we incubated samples
containing 0.6 μ g of purified enzyme for 30 minutes at 37 , 50°C, 60°C, or 70°C before
conducting an in vitro CMU-X 2 cleavage assay as described above. Enzyme activity was
abolished after 30-minute incubation at any of these temperatures ( Fig 6D) . A Michaelis-Menten
plot was generated for endo-1,4-β-xylanase activity over a range of CMU-X 2 concentrations (Fig
6E). From this, kinetic constants for endo-1,4-β-xylanase were calculated using a Lineweaver-
Burk double reciprocal plot ( Fig 6F) . Endo-1,4-β-xylanase had a calculated K M value of 32.005 ± constants, turnover rates are substrate-specific. Because we were the first to use CMU-X 2 to 2 7 9
calculate kinetic constants for an endo-1,4-β-xylanase, we cannot directly compare our findings
to studies that employ beechwood xylan or RBB-xylan. Future studies should characterize
kinetic constants of our endo-1,4-β-xylanase on more conventional substrates such as
beechwood, birchwood, and oat-spelt xylan.
8 3
Among the other three putative enzymes identified in this study, the β -glucosidase accumulated
to high levels, translocated to the periplasm and was efficiently secreted, yet it lacked in vitro 2 8 5
activity. The putative -L-arabinofuranosidase was also efficiently secreted, but its enzymatic microbiome DNA to discover novel lignocellulose-degrading enzymes. Metagenomic analysis of Illumina MiSeq data was conducted using our previously published to search for Shine-Dalgarno sequences required for ribosome binding to prokaryotic mRNAs,
and non-canonical start codons CUG, GUG and ACG which are typically found in up to 10% of
in 2.5 mL LB broth and incubated in a shaker until the OD 600 of the culture reached 0.5-0.8. 
the cultures were centrifuged at 3220 xg for 20 min and supernatant was decanted from pellet.
0 4
The cell pellets were resuspended in Wash Buffer (20 mM Na 2 PO 4 , 500 mM NaCl, pH 8.0) and mM NaCl, pH 8.0). Glycerol was added to the purified protein at a final concentration of 10% to 4 1 0 maintain protein folding.
1 1
Recombinant strain pET26b(+)-β-xylosidase was difficult to purify and a specialized protocol recovered at 37 ˚C for 20 min, placed on ice for 30 min, and recovered again at 37 ˚C for 30 min.
1 7
Once heat-and cold-shocked, the culture was induced with 0.1 mM IPTG and incubated The activity of β -xylosidase and β -glucosidase was tested using p-nitrophenol (pNP) derivatives: 100 µL of appropriately diluted enzyme was added, the absorbance was measured at 410 nm 4 2 7 every minute for 30 min. Optimum pH was determined by using three different buffers (50 mM) 4 2 8 at pH 5: citrate buffer, pH 6: phosphate buffer, and pH 7: phosphate buffer.
The enzymatic activity of endo-1,4-β-xylanase was determined using 6-chloro-4- optimal pH for enzyme efficiency. Fluorescence at optimal pH was then compared to a product formation (cleavage of CMU from xylobiose) was calculated for 0.6 μ g of endo-1,4-β- who launched the porcupine microbiome studies that formed the foundation for the current study. 
